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A B S T R A C T
There exists limited understanding of the long-term dynamics of the seagrass Zostera noltii and how this is
inﬂuenced by anthropogenic pressures. Milford Haven is a heavily industrialised estuary and also one of the
important sites for Zostera sp. in the UK. In this study we examine all available long-term spatial variability and
abundance data of Zostera noltii within Milford Haven using historic datasets. Results show that Z. noltii in all
sites have shown meadow expansion when compared to the ﬁrst obtainable records. Little change in abundance
over the past 10–15 years for the two sites conﬁrms certain seagrass populations to be robust and thriving. We
hypothesise that these populations are showing a level of resilience to the high nutrient levels, disturbance and
high turbidity present within the water column of the Haven.
1. Introduction
The functional value of seagrasses by way of stabilizing sediments,
providing food and shelter, and carbon sequestration, for example, is
well understood (Fourqurean et al., 2012; Guidetti and Bussotti, 2000;
Mcleod et al., 2011; van der Heide et al., 2011). The extent of the de-
cline of seagrasses worldwide is also well documented (Short and
Wyllie-Echeverria, 1996; Waycott et al., 2009), with poor water quality
thought to be one of the biggest risks (Dennison et al., 1993;
Hemminga, 1998). As a consequence, there exists a propensity for
studies on long-term dynamics of seagrass to be mostly those that
present a negative story, showing a declining meadow caused by a
major impact. However, far fewer studies have been published which
document the recovery of seagrass meadows (Campbell and McKenzie,
2004; Greening et al., 2014; Walker et al., 2006) or showing long-term
stability (Lyons et al., 2012; Yaakub et al., 2014). This could possibly be
due to the need for researchers to highlight concerns over sites that
appear to be more threatened, so that better management practises can
then be advocated.
The dwarf eelgrass, Zostera noltii,1 is an intertidal species found
growing on muddy or sandy substrates (Den Hartog, 1970), providing
stabilization of sediments (Costanza et al., 1997) and an important food
source for migrating waterfowl, especially brent geese (Branta bernicla)
and wigeon (Anas Penelope) (Fox, 1996; Nacken and Reise, 2000;
Widdows et al., 2008). Z. noltii is commonly found in estuaries and
sheltered bays, often at risk of conﬂict with coastal development, and
anthropogenic impacts from industrial, agricultural and domestic
sources (Bernard et al., 2007; Giesen et al., 1990). For example, in the
Berre lagoon, and Bassin d' Arcachon, France, huge losses in Z. noltii
extent have been recorded where areas have been hugely eﬀected by
urban and industrial pollution (Bernard et al., 2007; Plus et al., 2010).
Management of coastal waters and waterways is necessary to ensure
that habitats such as seagrass beds, are maintained in favourable con-
servation status whilst also trying to accommodate commercial and
recreational uses (CCW, 2005). Successful management of water quality
has resulted in recovery of Z. noltii in some locations. The Wadden Sea
has seen areas of the seagrass double between the early 1970s to the
end of the 1980s (Philippart, 1995), and steady expansion of meadows
has been observed in Bourgneuf Bay France (Barillé et al., 2010).
In the UK, Milford Haven (west Wales) has been identiﬁed as one of
the important sites for Zostera sp. (Brazier et al., 2007) and is home to
subtidal Z. marina meadows and several well established Z. noltii beds.
The Haven is also renowned for its shipping and petrochemical in-
dustry. Improvements in water quality in UK waters are also assumed to
be contravening historical losses of seagrass (Jackson et al., 2013), but
long-term data are spatially limited (Jones and Unsworth, 2016) with
some sites recording signiﬁcant reductions in shoot density (Bull and
Kenyon, 2015; Burton et al., 2015). In Milford Haven, monitoring of
seagrass meadows has been relatively consistent especially with the
contamination risk from oil spills and port operations. Unfortunately,
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Milford Haven has been subjected to a number of oil spills since 1960
(Petpiroon and Dicks, 1982), the biggest being the Sea Empress in 1996
(Carey et al., 2015; Hodges and Howe, 2007; Moore, 2006). This has
resulted in the area being relatively well monitored in comparison to
other locations (Hiscock and Kimmance, 2003). In recent years, concern
over the potential decline of Zostera and changes in the populations of
birds that utilize seagrass in the Haven has led to the demand for as-
sessing long-term changes and understanding more about the health
and potential resilience of these seagrass meadows. For this study we
aim to review all the long-term monitoring data available regarding Z.
noltii meadows in Milford Haven including additional data collected for
a study by Pratt et al., 2016, and where possible assess any changes the
over time. Compiling and summarizing all existing data will contribute
to the understanding of the current status of Z. noltii in Milford Haven.
2. Methods
2.1. Study site
Milford Haven waterway is found in the county of Pembrokeshire in
west Wales, UK. It is Wales' largest estuary and one of the deepest
natural harbours in the World making it a historically signiﬁcant lo-
cation for maritime commerce, shipping and more recently, the petro-
chemical industry (Carey et al., 2015). The large tidal range within the
Haven, of over 8 m (Nikitik and Robinson, 2003), results in the pre-
sence of large tidal ﬂats providing suitable substrate for Z. noltii growth.
The Haven is also a part of the Pembrokeshire marine Special Area of
Conservation (SAC) containing a number of designated conservation
features including seagrass beds (Burton, 2008; Langston et al., 2012).
Several sites have been identiﬁed as having consistently present po-
pulations of Z. noltii within Milford Haven (Fig. 1), all of which have
been monitored to varying degrees since 1996.
2.2. Monitoring data
A comprehensive review of available data regarding Z. noltii in the
Milford haven area was conducted in 2016 using sources from
monitoring reports undertaken by CCW (Countryside Council for
Wales), NRW (Natural Resources Wales, formed in April 2013, largely
taking over the functions of the Countryside Council for Wales, Forestry
Commission Wales and the Environment Agency in Wales) and con-
sultancy reports where monitoring of Z. noltii had been conducted on
behalf of industry as a requisite by CCW/NRW. The sites with continued
presence of Z. noltii in Milford Haven were found to be Angle Bay,
Pembroke river, Carew, Cosheston, Garron Pill, Hobbs Point,
Pwllcrochan Flats, Sprinkle Pill and Sandy Haven Pill (Fig. 1). The Sea
Empress disaster in 1996, lead to the more frequent and detailed
monitoring of sites where Z. noltii beds had previously been recorded,
for the 5 years after the spill. However, surveying was limited to Angle
Bay, Pembroke River and Sandy Haven Pill, and only the Angle Bay
population was monitored for abundance and associated species. The
ﬁrst record of Z. noltii extent in Angle Point was estimated as 5.22 ha in
1996 (Table 1), but was more accurately mapped using ﬁeld survey and
GPS from 2007 onwards along with Pembroke River. Other Z. noltii
meadows within the Haven have been mapped using ﬁeld survey and
aerial imagery from 2008 onwards, although some sites have been
missed out on separate survey years (Table. 1). Sandy Haven Pill was
only recorded to have two small patches of 1 × 0.5 m, in the report by
Hodges and Howe (2007), with no other data available for this study.
Monitoring was intensiﬁed again from 2008, with more sites being
mapped and Z. noltii recorded at Garron Pill and Pwllcrochan Flats,
locations which were previously found to be absent of the seagrass
(Hodges and Howe, 2007). The extent of the Z. noltii bed in Pembroke
River has been monitored since 2007, with abundance and infaunal
surveys conducted from 2009 to 2015 (Nikitik, 2012, 2014, 2015). Data
also includes more recent ﬁeld surveys conducted by Pratt et al. (2016),
which involved a detailed assessment of Z.noltii distribution throughout
south and west Wales, using GPS ﬁeld survey and UAV (Unmanned
Aerial Vehicle) assessments where sites were inaccessible (e.g. Garron
Pill). In 2016, most sites in Milford Haven were mapped with the ex-
ception of Pembroke River, Sandy Haven Pill and Cosheston.
In order to determine changes in the extent of Z. noltii in Milford
Haven, all data containing sites with areas of the seagrass mapped using
GPS ﬁeld survey techniques were compiled for comparison. To assess
Fig. 1. Map showing Milford Haven, UK, with Zostera noltii mapped locations taken from GIS layers provided by NRW.
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the changes in abundance of Z. noltii in Milford Haven, all abundance
data (most commonly recorded as percentage coverage) were collated
for comparison. These values were taken from raw quadrat data so that
changes in abundance could be statistically analysed. The main sites
that had long-term abundance records were Angle Bay and Pembroke
River, although there were diﬀerences in survey eﬀort. Abundance data
for Angle Bay was based on a systematic grid system using 0.25 m2
quadrats throughout the meadow. Therefore, at Angle Bay the sample
size varied from n= 38–72 depending on the extent of the meadow in
the year it was sampled. Pembroke River abundance data was collected
using n = 18–20, 1 m2 quadrats at randomly selected. However, in
2014, a 0.25 m2 quadrat was used instead. In 2016, abundance data
was collected using a 0.25 m2 quadrat at randomly generated way-
points from within the meadow boundaries (Pratt et al., 2016). All sites
were surveyed for percentage cover except Pembroke River and Cosh-
eston.
2.3. Statistical analysis
A simple linear regression was performed on the sum of Z. noltii
extent in Milford Haven and year. Only data for years from 2008 to
2014, when the majority of sites including the main large meadows had
been mapped, were used for the regression, giving the best estimates for
total meadow area for the model and standardising eﬀort per year.
For Z. noltii abundance at Angle Bay and Pembroke River, data was
collected as percentage coverage. Due to the non-normal distribution,
non-homogeneity of variance and large dispersion parameters of the
data, a quasi-binomial GLM was used for analysis (Crawley, 2005). The
GLM model compared all years with percentage cover data available to
the earliest year recorded for each site. ANOVA was performed on the
GLM using F-test, to see the eﬀect of year on abundance.
For all of the Z. noltii sites that were surveyed for abundance in
2016, the same statistical analysis was applied for the percentage cover
data (quasi-binomial GLM followed by ANOVA using F-test), but with
location as the independent variable instead of year. All statistical
analysis was performed in R version 3.2.5 (Crawley, 2005; RStudio
Team, 2015). All mean values are presented ± Standard Deviation.
3. Results
3.1. Z. noltii extent in Milford Haven
Overall, all Z. noltii meadows in Milford Haven have shown an in-
crease in area (ha) when comparing most recent records with earliest
available data (see Table 1). All locations show a positive mean per-
centage change and change in aerial extent per year. The only years
where a complete set of extent data are available for all of the main Z.
noltii beds were 2008, 2011, 2013 and 2014, all showing successive
expansion in area (Table 1). Results from a simple linear regression
model show a signiﬁcant increase in Z. noltii area over time from 2008
to 2014 (F = 17.26, p= 0.01, Adj. R2 = 0.76) (Fig. 2).
Angle Bay and Pembroke River hold the largest populations of Z.
noltii in Milford Haven. In 2016, the extent of the Z. noltii in Angle Bay
was found to be 40.68 ha, an increase of 35.46 ha from the estimated
value in 1996, and a mean annual increase of 3.55 ha yr−1. Pembroke
River was found to have an area of 97.41 ha in 2014 (most recent re-
cord available), an increase of 42.42 ha from 54.99 ha in 2007, and a
mean annual increase of 5.30 ha yr−1 (Table 1, Fig. 3).
Other smaller Z. noltii meadows within Milford Haven also show
increases in extent overall from 2008 to 2016, albeit with more varia-
tion (Table 1, Fig. 4). The Z. noltii meadow at Garron Pill, for example,
shows some interannual variation (range 3.90–5.59 ha), but with a
mean annual change of 0.02 ha yr−1. Pwllcrochan Flats shows the
biggest percentage increase, from 0.17 ha in 2007 to 3.85 ha in 2016
(Table 1).
3.2. Zostera noltii abundance
Long-term abundance data, recorded as percentage coverage, was
only available for Pembroke River and Angle Bay. Mean percentage
coverage ranged from 20.85 ± 31.52 to 48.68 ± 30.37 over time for
Angle Bay, and 61.39 ± 12.93 to 82.50 ± 15.80 for Pembroke River.
Other meadows in the Haven were measured for abundance in 2016, by
way of percentage coverage and shoot density. Percentage coverage
ranged from 24.3 ± 18.8 for Sprinkle Pill, to 71.9 ± 23.0 for Carew
(Table 2).
For Angle Bay, results from the ANOVA of the quasi-binomial GLM
Table 1
Summary of Z. noltii meadow extent data (ha) over time at diﬀerent sites within Milford Haven. Also shown is overall change from earliest to most recent record, the mean percentage
change per year and mean change in area per year (ha yr−1), − indicates no data available.
Year Overall Change
(ha)
Mean % change per
year
Mean aerial change per year
(ha yr-1)
Site 1996 2007 2008 2009 2010 2011 2012 2013 2014 2016
Angle 5.22 16.22 27.53 26.03 29.67 32.53 22.92 32.77 37.80 40.68 35.46 84.91 3.55
Carew – – 3.18 3.68 – 1.04 6.23 7.69 8.07 6.92 3.74 14.69 0.47
Cosheston – – 0.24 0.21 – 0.37 1.77 0.86 0.69 – 0.45 23.44 0.08
Garron pill – – 4.52 4.83 3.90 4.30 5.59 5.27 5.37 4.65 0.13 0.36 0.02
Hobbs point – – 2.09 2.05 – 0.79 1.61 3.20 1.99 3.49 1.40 8.36 0.17
Pembroke river – 54.99 93.74 93.73 95.26 97.86 97.35 99.36 97.41 – 42.42 9.64 5.30
Pwllcrochan ﬂats – – 0.17 – – 0.46 0.13 1.79 2.15 3.85 3.68 270.71 0.53
Sprinkle pill – – 0.16 0.66 – 0.11 0.87 0.71 0.32 0.16 12.73 0.02
Totals 131.62 137.46 151.80 154.18 87.44 10.93
Fig. 2. Graph showing overall change in extent (ha) for Z. noltii in Milford Haven with
positive linear regression. Data is total of all available data per year where the majority of
meadows (including the two largest sites) had been mapped, excluding Pwllcrochan ﬂats
and Sprinkle Pill which were not consistently measured. In 2010 only 3 meadows were
mapped and in 2016, Pembroke River was not mapped so these years were omitted from
the graph and the regression.
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show percentage coverage of Z. noltii is signiﬁcantly aﬀected by year
(F = 5.88, p < 0.001 d.f. = 402). Pembroke River also shows per-
centage coverage of Z. noltii is signiﬁcantly aﬀected by year (F = 4.42,
p < 0.001, d.f. = 123).
In Angle Bay, the mean percentage cover of Z. noltii was sig-
niﬁcantly higher in years 1998, 1999 and 2000 (p≤0.05) in compar-
ison to the earliest record in 1996. However, in 2008 cover was found
to be signiﬁcantly lower than 1996. This could be due to a change in the
method of data collection this year, whereby the area covered in the
systematic grid sampling was greatly increased (Fig. 5). This led to a
higher number of quadrats (n= 72 in 2008 c.f. n= 43 in 2000) re-
cording 0% cover than in all other years. In 2016, percentage cover is
not signiﬁcantly diﬀerent to records from 1996, 30.47 ± 24.49% c.f.
32.03 ± 28.48%, although data collection method were diﬀerent (a
shift from systematic grid sampling to random sampling in 2016 with
n= 30).
In Pembroke River, the mean percentage cover of Z. noltii was sig-
niﬁcantly lower in 2013 compared to the earliest record in 2009
(p= 0.04), all other years were not signiﬁcantly diﬀerent (Fig. 5).
For all the Z. noltii meadow sites surveyed for abundance in 2016,
results show high variability between meadows with location having a
Fig. 3. Maps showing the change in Z. noltii extent (ha) from 2007 to 2014 in Angle Bay (left) and Pembroke River (right), in Milford Haven. Data for Angle Bay was unavailable for 2012.
All data provided by NRW as GIS layers.
Fig. 4. Graph showing the change in meadow extent (ha) from
2008 to 2016, for other major Z. noltii sites in Milford Haven. All
data provided by NRW as GIS layers except 2016 data from Pratt
et al. (2016).
Table 2
Table showing results of abundance data collected at six Z. noltii meadows in April and
June of 2016, within Milford Haven. Cover was recorded as percentage cover per 0.25 m2
quadrat, and shoot density taken from 0.2 m2 cores, all ± S.D., n= 30. Data provided by
Pratt et al., (2016).
Site Z. noltii cover
(% per 0.25 m2)
Z. noltii shoot density (per/0.2m2)
Angle 30.5 ± 24.5 64.0 ± 41.4
Pwllcrochan 57.815 ± 30.7 116.5 ± 76.6
Hobbs point 66.1 ± 30.0 116.8 ± 66.6
Carew 71.9 ± 23.0 125.1 ± 61.7
Garron pill 44.8 ± 23.5 75.5 ± 31.0
Sprinkle pill 24.3 ± 18.8 41.2 ± 43.9
Average 33.3 ± 31.4 62.3 ± 61.2
C.M. Bertelli et al. Marine Pollution Bulletin xxx (xxxx) xxx–xxx
4
signiﬁcant eﬀect on percentage cover (F = 16.353, p < 0.001,
d.f. = 174) (Fig. 6). Sprinkle Pill had the lowest abundance followed by
Angle Bay with no signiﬁcant diﬀerence from each other. Carew shows
signiﬁcantly higher abundance (p≤0.001) than Sprinkle Pill and
Angle, followed by Hobbs Point, Pwllcrochan (both p≤0.001) and
Garron Pill (p= 0.034) (Table 2, Fig. 6). All meadows showed con-
sistent patterns for both percentage coverage and shoot density
(Table 2).
4. Discussion
Seagrass meadows are globally recognised as being at risk with
major implications for the ecosystem services they deliver to coastal
communities (Orth et al., 2006; Short et al., 2011; Short and Wyllie-
Echeverria, 1996; Waycott et al., 2009). Here we present long-term
data that provides an example of an extensive intertidal population of
seagrass remaining stable and possibly resilient, in a location of intense
industrial development and high water pollution concerns (Nikitik and
Robinson, 2003; Petpiroon and Dicks, 1982). Despite contamination
from a major oil spill in 1996 (Hodges and Howe, 2007), the popula-
tions of Z. noltii in Pembroke River and Angle Point were not found to
be adversely eﬀected in the years that followed the spill (Hodges and
Howe, 2007; Moore, 2006), and this study ﬁnds that this continues to
be the case.
4.1. Extent
The present study indicates populations of Z. noltii in Milford Haven
are expanding in extent, with some small meadows, once thought to be
extinct, such as Garron Pill and Pwllcrochan Flats (Foden and Brazier,
2007; Hodges and Howe, 2007), found to be present and thriving over
the last decade (Pratt et al., 2016). Prior to 2007, data is lacking for the
extent of Z. noltii beds in Milford Haven, but data collected after this
date strongly indicate an overall trend of meadow expansion. The ad-
ditional historic data made available for this study supports and re-
inforces ﬁndings made by Pratt et al. (2016), whereby Z. noltii beds
were found to be increasing in extent where historic records of Z. noltii
were compared with the author's ﬁndings. For smaller populations of Z.
noltii (for example, Sprinkle Pill, Figs. 1 & 4), the trend does not appear
to be as consistent, with higher variability in area from year to year.
This is not unexpected, with small sparser meadows being less stable
and thought of as more transient than larger more established popu-
lations (Hodges and Howe, 2007). As one of the smaller fast growing
and short-lived seagrass species, Z. noltii has high production rates in
comparison to other seagrasses, enabling it to quickly colonize areas
when conditions are favourable and to sustain itself in the presence of
considerable disturbance (Borum et al., 2004; Marbà et al., 2013) and
remain resilient to changing environmental conditions (Unsworth et al.,
2015). This dynamic nature appears more evident for some of the
smaller meadows in Milford Haven, such as Cosheston, Hobbs Point and
Sprinkle Pill (Fig. 3). For the larger meadows at Angle Bay and Pem-
broke River, although the extent increased rapidly from 2007, the po-
pulations appear to have stabilized in more recent years. Larger mea-
dows are more likely to remain more resilient, as above a minimum size
the chances of seagrass patch mortality decreases (Bernard et al., 2007;
Duarte and Sand-Jensen, 1990). The expansion of Z. noltii meadows is
mainly reliant on clonal growth and rhizome extension, as with all
seagrass species (Duarte, 1991). New shoot recruitment is primarily
dependent upon propagules from adjacent, well-established meadows
(Peralta et al., 2002), with< 5% of plants thought to originate from
seeds (Borum et al., 2004). This is also most likely the case for the Z.
noltii meadows in Milford haven, with very few seeds found in sediment
cores taken from the surveys conducted in 2016 (Pratt et al., 2016).
4.2. Abundance
Abundance data was the next most consistent measurement that
could be assessed from the historic data to give a better understanding
of the status of the Z. noltii meadows within Milford Haven. Pembroke
River displays a relatively stable pattern of abundance over time. In
comparison, Angle Bay shows greater variability in Z. noltii coverage
between years, which is likely to be explained by the diﬀerence in
sampling methods (Fig. 4) making it diﬃcult for a fair comparison.
Percentage cover data for Angle bay was gathered over a longer time
period (1996–2016), which will introduce more variability in abun-
dance in comparison to data for Pembroke River. The large increase in
extent for Angle Bay in 2008 coincides with a decrease in percentage
Fig. 5. Boxplots showing change in Z. noltii percentage
cover for Angle Bay (top) from 1996 to 2016 (n= 30–91)
and Pembroke River (bottom) from 2009 to 2015
(n= 18–20). Note that no abundance data was available
for either site for 2001–2007. Boxes represent interquartile
range and whiskers 1.5 times the interquartile range. Thick
black horizontal lines in the box depict the median with
mean indicated as open circle within plot. External black
points indicate outliers.
Fig. 6. Mean Z. noltii abundance as percentage coverage (error bars show ± S.D.,
n= 30), for the meadows in Milford Haven that were surveyed in April and June 2016,
data from Pratt et al. (2016).
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cover. In this year, what was previously classed as two sub-populations
within Angle Bay merged into one bed, resulting in an overall decrease
in mean percentage cover caused by the high number of quadrats
containing 0% seagrass. The lack of long-term abundance data for other
Z. noltii sites within Milford Haven means we are limited with our un-
derstanding of changes in these meadows in comparison to present
status. However, data collected in 2016 shows average percentage
cover and shoot density for the majority of sites within the Haven
(Table 2). Both parameters exhibit similar patterns across the diﬀerent
meadows showing that both percentage cover and shoot density appear
to be eﬀective in determining Z. noltii abundance. Although the Angle
Bay population is much larger than many of the other sites, it has lower
percentage cover and shoot density than many of the other meadows.
This is most likely explained by the sampling method, and the amal-
gamation of sub-populations as previously explained. There is also
evidence of bait digging in Angle Bay which was described as localised
and fairly minor in impact from 1996 to 2000 (Hodges and Howe,
2007), but found to be more extensive in 2008 and 2013 (Duggan-
Edwards and Brazier, 2015). This physical impact could be negatively
aﬀecting seagrass cover, a concern that is shared in other Z. noltii
meadows such as in Bourgneuf Bay, France, where increased recrea-
tional clam harvesting has been observed (Barillé et al., 2010) and Ria
Formosa, Portugal, where clam farming is causing seagrass removal
(Guimarães et al., 2012). The high levels of nutrients in Milford Haven
Waterway could also be aﬀecting seagrass abundance in certain areas
and nutrient loading has been found to negative eﬀects on seagrasses
(Burkholder et al., 2007) and cause decreases in Z. noltii density else-
where (Cabaco et al., 2007; Cabaço et al., 2008). The Waterway is
considered to be at a moderate status and hypernutriﬁed compared to
Water Framework Directive (WFD) nutrient standards (NRW, 2016)
which needs to be taken into consideration.
4.3. Status of Zostera noltii elsewhere
Although this present study shows that the status of Z. noltii in
Milford Haven is good, it is diﬃcult to ﬁnd recent evidence of this trend
occurring in other locations. Long-term studies on Z. noltii are limited,
and show variable trends. In Arcachon Bay, France, long-term spatial
studies found severe declines in Z. noltii and Z. marina between 1988
and 2008, with accelerated declines for Z. noltii since 2005 (Plus et al.,
2010). In contrast, the spatial distribution of Z. noltii meadows in
Bourgneuf Bay, France, have been found to have steadily increased
within the same time frame, between 1991 and 2005 (Barillé et al.,
2010). In the Wadden Sea, similar ﬁndings have been observed from
aerial surveys which have recorded a three to fourfold increase in Z.
noltii area from 1994 to 2006 (Reise and Kohlus, 2008). On the con-
trary, subtidal populations of the common eelgrass Zostera marina in
Milford Haven are not showing the same pattern as the Z. noltii. In
Littlewick Bay (near Milford Haven, Fig. 1), monitoring surveys have
shown small increases in extent in the Z. marina meadow, but sig-
niﬁcant decreases in shoot density and leaf length (Nagle, 2012). The
deeper water environments Z. marina is subjected to makes it more
susceptible to poor water quality, particularly excess nutrients and in-
dustrial impacts such as hot water outlets potentially elevating re-
spiratory demands.
5. Conclusion
In conclusion we provide evidence of the potential for intertidal
seagrass in a well ﬂushed but highly nutrient enriched and industrial
waterway to resiliently remain in a favourable state over long time
periods. We present evidence that Z. noltii in Milford Haven is thriving.
Extent of the Z. noltii in Milford Haven has been expanding over the past
decade. Abundance data for the two largest meadows reinforces this
although long-term abundance data is unavailable for the other sites
within the Haven. Long-term monitoring data provides vital evidence
for the status of important habitats like seagrass meadows that exist
under the shadow of heavy industry. By including other metrics, such as
abundance and possibly leaf length data in monitoring strategies, evi-
dence of the status of the seagrass meadows would be more conclusive.
The positive message for Z. noltii demonstrates that management of
Milford Haven's waterway appears to be proving successful for this
dynamic and robust species. The trend is mirrored in other Z. noltii
meadows in Europe where improvements in water quality were also
thought to be responsible for the increase in meadows. However, the
moderate status of the water quality Milford Haven Waterway may not
be adequate enough to see the same stable trend in its subtidal relative,
Z. marina.
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